Quikwriting is a previously published technique for entering text into computers using a stylus. We report results of a longitudinal study on user performance with it. In addition to the original stylus-based usage mode we designed modes for joystick and keyboard thus making Quikwriting compatible with a wide range of computing devices. Twelve participants used the stylus and joystick modes in 20 sessions for a total of ten hours. By the end of the experiment their text entry rate was 16 wpm in the stylus mode and 13 wpm in the joystick mode. At the end we conducted a test to verify that Quikwriting skill transfers to the keyboard mode. Text entry rate for the first five minutes of use in the keyboard mode was 6 wpm. In summary, the stylus mode was not particularly fast, but we found Quikwriting suitable for multi-device use.
INTRODUCTION
Quikwriting was published by Perlin in 1998 [9] . As the name implies, it was intended to be a fast text entry system. Over the years Quikwriting has been a subject of informal discussions and speculations, but as far as we know, no formal user studies have been reported. In this paper we report a longitudinal study where participants used Quikwriting in 20 sessions for a total of 10 hours with two input devices (5 hours per device). The results reveal the performance characteristics of Quikwriting. However, measuring the performance of the stylus-based original version of Quikwriting was not our main goal. We were more interested in the suitability of Quikwriting to multidevice use. We believed that it could be adapted to suit many different input devices so that users could transfer Quikwriting skill between devices. Furthermore, we expected Quikwriting to be more efficient than the system that we had previously proposed for device independent use [4] .
Below we report our main findings. A more complete account including descriptions of some variations of the designs and their effect on the results summarized herein is available as a technical report [6] and as a part of the doctoral dissertation of the first author [3] .
ORIGINAL QUIKWRITING
Quikwriting is based on a square area that is divided into zones as shown in Figure 1 . Text is entered by moving the stylus over these zones. Each character is associated with different zone sequence. All sequences begin and end on the central zone (5) . The complete Quikwriting area shown in Figure 2 consists of two squares. The square on the left is for entering the alphabet and the square on the right is for entering numbers and other mathematical symbols.
The characters within each square are positioned so that they work as mnemonics for the strokes that are used to enter them. For example 'a' is entered by starting from the Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. central zone (5), moving to zone 1 and returning to zone 5. Similarly 's' begins from zone 5, continues to zones 1 and 2, and finally back to zone 5. The stroke for entering a 'k' is shown in Figure 2 . The same logic works for all of the characters in the row closest to the edge of the square.
The non-alphabet shapes (box, triangles, and circle) are placeholders for special functions. The triangles pointing to left and right are space and backspace. The upward pointing triangle controls the shift and caps lock features. When the shift function is selected once, the following character will be in upper case. The shift mode is automatically turned off after that. When shift is activated twice consecutively, the upper case mode stays on until it is turned off by selecting the shift character one more time. The downward pointing triangle enters the new line character. The circle character turns on a "number mode" where numbers can be entered without moving the stylus to the other square. Finally the box changes the operating mode so that the symbols in the inner square are entered instead of the alphabet.
While this written explanation may seem complicated, the usage of Quikwriting is simple. Once the user has learned to read the display and the meaning of the special symbols, what remains is to draw sequences of loops to enter text. In theory text can be entered fast because the accuracy constraints are low and the loops are simpler than ordinary handwriting characters.
OUR DESIGNS
Because Quikwriting associates characters to sequences of 9 different tokens, it does not really matter how these tokens are entered. Using stylus for selecting zones is just one possibility. The original developers of Quikwriting have noticed this as well [12] . Independently of their efforts, we implemented a joystick mode using a gamepad with two thumb-operated sticks (shown in Figure 3 ) and a keyboard mode using the numeric keypad on a regular desktop keyboard.
Originally Quikwriting was introduced in a form where the layout diagram shown in Figure 2 is co-located with the stylus input area so that the user has direct feedback on the position of the stylus. We implemented the stylus mode so that the visual feedback is shown on a separate display. This suited our plan for input device independent implementation. This way, the user always received the same visual feedback regardless of the input device. In the keyboard and gamepad modes it would have been impossible to use the original co-located layout diagram. Figure 2 is a screenshot 1 of the Quikwriting layout diagram that was shown to the users in our implementation. There was a small red cursor showing the stylus position or two cursors showing the position of the two joysticks. 1 The gray curve with the arrowhead shows the stroke for entering a 'k'. It is not a part of the screenshot.
In the keyboard mode each key in the 3x3 numeric keypad corresponded to a zone in the Quikwriting layout. The layout diagram was visible on the display, but no cursor was shown. Entry of one character required pressing two or three keys (assuming that shift etc. were not needed). If the corresponding stylus track would have crossed only one zone before returning to the center, two key presses were needed. If more than one zone was crossed, three key presses were needed. For example, 'a' was entered by pressing 7 followed by 5 and 'k' by pressing 7, 9 and 5. Note that the numbering of zones in Figure 1 (telephone arrangement) and the keycaps on a desktop keyboard (calculator arrangement) conflict. This is not a problem since users do not need to be aware of the zone numbering. Note also that keyboard use of Quikwriting could be further optimized to require only two key pressed per character. We left experimenting with this option for further work.
METHOD Participants
Twelve unpaid participants (7 male, 5 female) were recruited from the staff and students of our department. Their average age was 27.5 years (range 22-43). All participants were regular users of desktop computers, most of them owned mobile phones and some used other types of mobile computers, but all were new to Quikwriting.
Apparatus
The experiment was run in a two-room usability laboratory with two participants working simultaneously. The stylus setup was in one room and the gamepad setup in the other. The stylus setup was a typical office workstation with adjustable chair and desk. The gamepad setup consisted of a small table and a sofa on which the participants sat. The computer display was on the table in front of the participant. We implemented Quikwriting within our Java-based text input architecture [5] , which was run under GNU/Linux and Xfree86 X Windows in 233 MHz Pentium II PCs. A separate Java application presented phrases to the participants and saved the entered text for later analysis. The phrases were randomly selected from the set of 500 English phrases published by Soukoreff and MacKenzie [8] . Because entering only lower case alphabet cannot be considered representative of typical text entry [7, 11] , we modified the phrase set by adding upper case characters and punctuation where it seemed grammatically appropriate.
The results were analyzed using the MSD/KSPC methodology published by Soukoreff and MacKenzie [10] . We wrote a Java program that does this automatically. Although the transcription task in principle happens continuously, there is a small break in text entry when a new phrase is presented. The participants tend to read the phrase for a while and begin writing only after comprehending the phrase or at least the first few words. We excluded the data on the first characters following pauses from the analyses except for the handwriting data that did not contain the needed timestamps (see below).
Procedure
Each participant completed 20 sessions of text transcription. Within each session were two sub-sessions each lasting 15 minutes. One of the sub-sessions was for stylus use and the other for gamepad use. The order of the sub-sessions was switched for each session to counter learning and fatigue.
The first and the last sessions were different. In the beginning of the first session QWERTY typing and handwriting performance of the participants was recorded. Typing performance was measured in a five-minute test with the same software that was used for collecting Quikwriting data. Handwriting test was also five minutes long, but the phrases were presented on a sheet of paper and writing happened on another sheet of paper.
In addition to the two 15-minute sub-sessions, the last session included two five-minute tests using the keyboard mode of Quikwriting. First of these was done with the Quikwriting layout diagram visible and the second with the layout diagram hidden.
RESULTS AND DISCUSSION
A total of 420050 characters were entered in the main part of the experiment. The data for the second gamepad session of one participant was lost and replaced by the averages of the preceding and following sessions.
Text Entry Rate
The average text entry rate for the stylus and gamepad sessions is shown in Figure 4 . A repeated measures analysis of variance shows that the stylus mode was faster overall (F(1,11)=49.9, p<0.001), and increasingly so towards the end (mode by session interaction F(19,209)=5.1, p<0.001).
The average text entry rate for QWERTY typing was 39 (SD=9.5) wpm and the average handwriting speed was 26 (SD=4.6) wpm. The stylus mode of Quikwriting reached 16 wpm by the 20 th session. This is 41% of the QWERTY typing rate and 61% of the handwriting speed. The trend lines in Figure 4 show that with continued practice Quikwriting text entry rates would increase. We should not, however, trust such predictions too far from measured data (see [3] for discussion). In the stylus mode the Quikwriting text entry rate was not remarkably fast in comparison to other stylus-based systems [7] . However, as far as we know 13 wpm is a very fast rate for text entry using a joystick. Although using two sticks in parallel was possible, the participants in general used only one. Thus, it is fair to compare our data to other data measured with one stick.
Error Rate
Our task allowed corrections while writing. Thus, two kinds of errors were present in the data: those that the participant noticed and corrected and those that remained uncorrected. Analyzing the presented and transcribed phrases using an algorithm that finds the minimum string distance (MSD) between the phrases, we can count the uncorrected errors. The amount of work done for correcting errors is reflected by the keystrokes per character measure (KSPC). If no correction activity took place, KSPC is equal to one. If some errors were corrected, KSPC is larger than one. Figure 5 shows the average MSD per character (the proportion of erroneous characters) for each of the 20 sessions. There is no apparent trend, which is confirmed by the repeated measures ANOVA. Neither session nor the input mode had a significant effect (at p<0.05 level). The interaction of these is similarly non-significant. In summary, the participants maintained the same tolerance for uncorrected errors throughout the experiment with both input devices.
Uncorrected errors (MSD)

Correction Activity (KSPC)
Because the participants corrected their errors to about the same level with both input devices, the difference between the devices is visible in the amount of error correction activity. This can be seen in Figure 6 . The gamepad yields higher KSPC (F(1,11)=14.8, p<0.01) with no effect of session or session by mode interaction.
Skill Transfer to Keyboard Use
During the first five minutes of using the keyboard mode, the participants reached an average text entry rate of 6.1 wpm. Error rates were lower or comparable to the stylus mode. For the second 5 minutes we hid the layout diagram so that the participants had to rely on their memory to know which buttons to press. Text entry rate increased to 8 wpm without a remarkable rise in MSD or KSPC. Our interpretation of these results is that the participants quickly adapted to the new mode of text entry and therefore demonstrated that a significant part of Quikwriting skill is device independent.
CONCLUSIONS
Quikwriting is not easy to learn, but with adequate practice users can reach speeds comparable to handwriting in the stylus mode. Reports on Joystick-based text entry systems are rare, but those that are available [4, 1, 2] report lower text entry rates than we measured. After training with stylus and gamepad, our users were able to adapt to using Quikwriting with a keyboard. Overall, we found Quikwriting a promising system for multi-device use.
12. Quikwriting for Xbox http://www.cat.nyu.edu/microsoft/xbox.html 
